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Abstract

Infectious Laryngotracheitis Virus (ILTV), a member of the Alphaherpesvirinae subfamily, is a major respiratory pathogen
affecting poultry worldwide, leading to significant economic losses. This review highlights the importance of biosecurity
strategies in preventing and controlling ILTV outbreaks by exploring its taxonomy, transmission dynamics, and replication
mechanisms. ILTV’s double-stranded DNA genome, enclosed in a capsid, tegument, and lipid envelope, facilitates immune
evasion and persistent infections. The virus spreads through direct contact, respiratory droplets, and contaminated
equipment, with wild birds acting as potential reservoirs. Understanding viral replication, including attachment, DNA
synthesis, and release, provides insights into its pathogenesis and persistence. Effective biosecurity measures—such as
controlled farm design, sanitation, personnel training, and vaccination—form the cornerstone of disease prevention.
However, limitations such as cost, compliance, and evolving viral strains pose ongoing challenges. Emerging technologies
like biosensors, genetic selection for resistant poultry breeds, and Al-based surveillance offer promising tools for future
biosecurity enhancement. Integrating traditional and modern approaches ensures sustainable poultry health management
and resilience against ILTV and other infectious diseases.
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1. INTRODUCTION

An important poultry pathogen that causes
acute respiratory illness and large financial losses
globally is the infectious laryngotracheitis virus (ILTV).
Effective replication and immune evasion are made
possible by ILTV's double-stranded DNA genome,
which is structurally encased in a capsid, tegument, and
lipid envelope. Controlling ILTV outbreaks requires
biosecurity measures. Viral introduction and spread are
considerably decreased by farm design, sanitation, traffic
management, and employee training. Although
vaccination enhances biosecurity, control is frequently
hampered by issues with cost, compliance, and new virus
strains. Technological developments such as genetic
selection for resistant chickens, biosensors, and Al-
driven surveillance present encouraging avenues for
improving disease prevention. In addition to stressing
biosecurity as the foundation of sustainable control
techniques in poultry health management, this review
addresses ILTV  taxonomy, transmission, and
replication.

2. Etiology of ILTV

Before we discuss etiology, we need a deep
look into taxonomy of ILTV The taxonomy of ILTV, its
genetic characteristics, and its relationship with other
herpesviruses within the Alphaherpesvirinae subfamily
play a crucial role in understanding its pathogenesis,
epidemiology, and control strategies [01].

Taxonomic Classification of ILTV
ILTV is classified within the following hierarchical
structure:
e Order: Herpesvirales
Family: Herpesviridae
Subfamily: Alphaherpesvirinae
Genus: Iltovirus
Species: Gallid alphaherpesvirus 1 (GaHV-1)

ILTV exhibits a typical herpesvirus morphology,
consisting of four structural components:
1. Core: Contains the linear, double-stranded
DNA genome.
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2. Capsid: An icosahedral protein shell
surrounding the viral genome, composed of
capsomer proteins.

3. Tegument: An amorphous protein layer
between the capsid and the envelope, crucial for
viral replication and immune modulation.

4. Envelope: A lipid bilayer derived from the host
cell membrane, embedded with wviral
glycoproteins essential for host cell entry [02,
03].

a. Capsid Proteins
The viral capsid consists of 162 capsomeres
arranged in an icosahedral symmetry with a diameter of
approximately 100 nm. The major structural proteins
involved in capsid formation include:
e VPS5: The major capsid protein that forms the
penton and hexon structures.
e VP19c, VP23, and VP26: Structural proteins
that stabilize the capsid and interact with viral
DNA.
e Portal protein (UL6): Facilitates the entry and
exit of viral DNA during replication [04].

b. Tegument Proteins
The tegument layer plays a crucial role in viral
replication, immune evasion, and intracellular transport.
Key tegument proteins include:
e VP16 (UL48): A transcriptional activator that
initiates viral gene expression.
e VP22 (UL49): Modulates viral assembly and
immune response evasion.
e UL36 and UL37: Involved in viral particle
transport within the host cell.
e US3: Regulates actin cytoskeleton
rearrangement, promoting viral egress [05, 06].

c. Envelope Glycoproteins
ILTV's envelope contains multiple glycoproteins that
mediate viral attachment, entry, and immune evasion.
These include:
o B, ¢C, gD: Essential for viral attachment to
host receptors.
e gE, gl: Involved in cell-to-cell spread of the
virus.
e gH/gl complex: Facilitates membrane fusion
during entry.
e gG: Modulates host immune response by
interfering with chemokine signaling.
e gM: Plays a role in virion morphogenesis and
egress [07, 08].

3. Modes of Transmission:
Direct and Indirect Routes of Infectious
Laryngotracheitis Virus (ILTV).

1. Direct Transmission Routes
a. Bird-to-Bird Contact
e Direct contact between infected and susceptible
birds.
e Rapid ILTV transmission in high-density farms.
e Virus is shed through ocular and respiratory
secretions [07].

b. Respiratory Droplet Spread
e Infected birds expel viral particles via
coughing, sneezing, and nasal discharge.
e  Showed aerosolized ILTV remains viable in air.
e Poor ventilation increases transmission risk
[08].

c. Conjunctival Exposure
e ILTV can infect birds through eye exposure.
e  Have severe conjunctivitis and tracheitis.
e QOcular secretions contaminate surfaces and
feeders [10].
2. Indirect Transmission Routes
a. Contaminated Equipment and Fomites
e LTV persists on farm equipment, clothing, and
hands.
e Have poor biosecurity to long-term ILTV
presence [09].

b. Airborne Transmission
e ILTV survives in dust particles and spreads
between poultry houses.
e ILTV DNA detected in air samples.

c¢. Water and Feed Contamination
e ILTV transmitted via contaminated drinking
water and feed.
e ILTV remains viable in water sources.

d. Wild Bird Reservoirs and Other Species
Involvement
e Wild and migratory birds introduce ILTV to
farms.
e Identified in wild birds as ILTV reservoirs [09].

4. Viral Replication Mechanism of Infectious
Laryngotracheitis Virus (ILTV)
Stages of ILTV Replication

The replication of ILTV follows the typical
herpesvirus life cycle, with distinct stages that enable
viral proliferation and eventual latency. These stages
include attachment, entry, transport, uncoating,
replication, transcription, translation, assembly,
maturation, and release.

a. Attachment and Entry

ILTV gains entry into host cells by binding to
specific cell surface receptors through viral
glycoproteins, primarily gC, gB, gD, gH, and gL. Unlike
some other herpesviruses, ILTV entry is largely heparan
sulfate-independent, relying on different cellular
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adhesion molecules [11]. The glycoproteins mediate
fusion between the viral envelope and the host cell
membrane, facilitating viral penetration. Once bound,
the virus enters through direct fusion or endocytosis,
depending on the cell type [03].

b. Transport to the Nucleus and Uncoating

Following entry, the viral nucleocapsid is
transported through the cytoplasm toward the host
nucleus. This process is facilitated by the cytoskeletal
network and associated motor proteins. Upon reaching
the nuclear pore complex (NPC), the viral capsid docks
and releases viral genomic DNA (vDNA) into the
nucleus [02]. This marks the beginning of the
transcription and replication phases.

c. Viral DNA Replication

ILTV follows a rolling circle replication
mechanism, similar to other herpesviruses. The viral
genome, which is a linear double-stranded DNA (~150
kb in size), circularizes upon entering the nucleus. Viral
DNA polymerase and associated helicase-primase
complexes facilitate the synthesis of concatemeric
DNA—Ilong, repeating sequences of viral DNA [04].

The replication occurs in three distinct gene expression
phases:

A. Immediate-early genes (o genes): These
regulate early viral functions, including
immune evasion.

B. Early genes (B genes): Encode viral replication
enzymes such as DNA polymerase and
thymidine kinase.

C. Late genes (y genes): Produce structural
proteins required for viral assembly.

D. Transcription and Translation

ILTV utilizes the host cell’s RNA polymerase I for viral
mRNA synthesis. The three classes of viral genes (a, f,
and v) are transcribed sequentially:
e Immediate-early proteins initiate viral takeover.
e  Early proteins regulate viral DNA synthesis.
e Late proteins form the viral capsid, envelope,
and glycoproteins.

Translation occurs in the host cell cytoplasm,
with  viral proteins being synthesized, post-
translationally modified, and transported back into the
nucleus for assembly [11].

e. Assembly and Maturation

As newly synthesized viral DNA is packaged into
capsids, ILTV virions undergo a series of maturation
steps:

A. Capsid assembly occurs in the nucleus, with
viral DNA being incorporated into preformed
nucleocapsids.

B. Primary envelopment: The virus buds from the
inner nuclear membrane, forming an immature
virion.

C. De-envelopment and re-envelopment: The
primary envelope is lost in the cytoplasm,
followed by acquisition of a mature envelope in
the Golgi apparatus [04].

f. Egress and Release

Mature ILTV viruses are transported to the cell
membrane via the secretory pathway. The virus is
released either through exocytosis or cell lysis, leading
to spreading within the host and infection of new cells.
The  release  mechanism  influences ILTV’s
pathogenicity, with virulent strains causing widespread
epithelial damage in the respiratory tract [05].

5. Biosecurity Measures: Importance in Preventing
Outbreaks

Biosecurity is a fundamental aspect of poultry
farming, aimed at minimizing the risk of infectious
disease outbreaks. Effective biosecurity protocols can
prevent the introduction and spread of pathogens,
ensuring sustainable and profitable poultry production.
Biosecurity measures must be proactive, adaptable, and
continuously improved to combat emerging disease
threats [12]. These strategies are not only for ILTV; they
also play a major role in poultry farming by protecting
birds from other diseases too.

Understanding Biosecurity in Poultry Farming

Biosecurity encompasses all practices designed
to prevent disease transmission in poultry populations.
There is a well-structured biosecurity program that
includes farm infrastructure, sanitation, controlled
access, and proper vaccination [13].

Key elements of biosecurity include:

e Isolation: Preventing contact between different
poultry populations to minimize disease spread.

e Traffic Control: Restricting farm access to
essential personnel and sanitizing vehicles and
equipment.

e  Sanitation: Implementing strict cleaning and
disinfection protocols to maintain a disease-free
environment.

6. Biosecurity Measures in Poultry Farms
Farm Design and Infrastructure

A properly designed farm layout can prevent
the entry and spread of pathogens. Farms with controlled
access points, separate rearing zones, and adequate
ventilation had lower incidences of infectious diseases.

a. Best practices for farm design include:

e Zoning Systems: Dividing farm areas into
designated clean and dirty zones to minimize
cross-contamination.

e  Secure Fencing: Preventing entry of wild birds
and rodents that can introduce pathogens.
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e Optimal Ventilation: Reducing humidity and
ammonia levels that can contribute to
respiratory diseases [14].

b. Sanitation and Hygiene Protocols

Regular disinfection of poultry housing,
equipment, and transport vehicles is crucial. Proper
waste management also reduces disease risks, ensuring a
cleaner environment for poultry. Effective sanitation
strategies include:

e Daily Cleaning of Facilities: Using
disinfectants that eliminate pathogens while
being safe for poultry.

e Litter Management: Regularly replacing
bedding material to reduce microbial growth.

e Handwashing Stations and Footbaths: Ensuring
all personnel and visitors disinfect their hands
and footwear before entering poultry areas.

c. Personnel Training and Disease Monitoring
Farmworkers play a critical role in biosecurity.
Training programs help personnel recognize disease
symptoms and follow hygiene protocols effectively.
Routine health screenings of poultry and farm staff
further minimize the risk of disease transmission.

Important training areas include:

e Recognizing Early Disease Symptoms:
Identifying respiratory distress, abnormal
droppings, and reduced feed intake.

e Use of Personal Protective Equipment (PPE):
Implementing protective clothing, gloves, and
masks to minimize pathogen transmission.

e Record Keeping: Maintaining logs of bird
health, visitor entries, and cleaning schedules
[14].

Vaccination as a Biosecurity Tool

Vaccination is a crucial component of
biosecurity, providing immunity against major poultry
diseases. The importance of immunization in disease
prevention [15]. Additionally, it demonstrated that
effective vaccination strategies significantly reduce
disease outbreaks [16].

Types of vaccines used in poultry include:

e Live Attenuated Vaccines: Provide strong
immunity but require careful handling.

e Inactivated Vaccines: Safer but may require
booster doses.

e Recombinant Vaccines: Genetically engineered
to provide targeted protection with minimal
risks.

Challenges in Implementing Biosecurity Measures
Despite the benefits, implementing biosecurity
measures can be challenging due to financial constraints,
lack of awareness, and non-compliance among farm
workers.  Addressing these challenges requires

continuous education, investment in infrastructure, and
enforcement of biosecurity policies [15].

Common challenges include:

e Cost of Biosecurity Infrastructure: Small farms
may struggle to afford fencing, disinfection
equipment, and surveillance systems.

e Resistance to Change: Farm workers and
owners may be reluctant to adopt stricter
biosecurity practices.

e Global Disease Threats: Emerging pathogens
may require rapid adaptations to existing
biosecurity measures [16].

Future Directions in Biosecurity

Advancements in technology, such as real-time
disease monitoring and Al-driven risk assessment, can
enhance biosecurity measures. Integrating genetic and
molecular research can further improve disease
resistance in poultry [17].

Innovative biosecurity technologies include:

e Biosensors for Disease Detection: Early
identification of pathogens through automated
monitoring.

e Al-Powered Surveillance: Using machine
learning to predict outbreaks and optimize
response strategies.

e Genetic Engineering for Disease Resistance:
Developing poultry breeds with enhanced
resistance to common pathogens [18].

Biosecurity is essential for preventing disease
outbreaks in poultry farms. By implementing structured
farm designs, rigorous sanitation protocols, proper
vaccination strategies, and continuous education, poultry
producers can safeguard their flocks and ensure long-
term sustainability in the industry. Future advancements
in technology and research will play a vital role in
strengthening biosecurity and disease prevention efforts
worldwide [19].

7. CONCLUSION

The potency of infectious laryngotracheitis
virus (ILTV) transmission, latency establishment, and
flock reactivation make it a continuous danger to chicken
health and productivity. Effective biosecurity is the
cornerstone of ILTV prevention and management, even
though knowledge of its taxonomy, structure, and
replication cycle offers important insights into viral
pathogenesis. The risk of viral introduction and
transmission can be considerably decreased by taking
steps like traffic control, personnel training, sanitation,
and structured farm design.

While vaccination is still a useful strategy, it is
insufficient to completely eradicate ILTV, particularly in
light of changing viral strains and implementation issues
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at the field level. Future plans should combine
conventional biosecurity procedures with cutting-edge
techniques, including genetic selection of resistant
poultry breeds, Al-driven outbreak prediction, and
biosensor-based disease detection.

In the end, improving biosecurity is crucial for

protecting chicken health from a variety of infections as
well as for reducing ILTV. Long-term resilience and
profitability in the global poultry business will be
ensured by a framework for biosecurity that is both
sustainable and adaptable.
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